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OPrAHH3AUHfl BMOCM HTE3A FiyPHHOBblX M n W PMMMflM HOBbIX 
HyKJlEOTMAOB y CnOPOBMKOB (PROTOZOA: SPOROZOA) 

K). M. Kpbijioe 


Ha 0CH0B3HHH aHaJIH3a OCo6eHHOCTeH OpraHH3aiJ,HH H (J)yHKUHOHHpOBaHHH MeTa6oJIHMeCKHX 
nyTen 6nocHHTe3a nypHHOBbix h nnpHMHAHHOBbix HyKJieoTHAOB y npeACTaBHTejien THna Sporozoa ^ejia- 
6TCH 3aKJIK>MeHHe O TOM, MTO MOJieKyJIHpHbIMH nOCJieACTBHHMH a^anTaUMH K BHyTpHKJieTOMHOMy napa- 
3HTH3My y OAHOKJieTOHHbIX SyKapHOT HBJIHIOTCH yBeJIHMeHHe MOJieKyJIHpHOrO ypOBHH OpraHH3aUHH, 
yTpaTa onpeAejieHHbix MeTaOojinqecKHx nyTen n OT^ejibHbix cf)epMeHTOB, B03HHKH0BeHne hoboh MeTa- 
6ojinqecKOH cncTeMbi — napa3HTo-xo3HHHHon. Conpn>KeHHocTb 3TOH cncTeMbi odecneMHBaeTcn 3a cneT 
npno6peTeHHH napa3HTOM MexaHH3MOB c[)yHKUHOHHpoBaHHn chctcm aHajiornqHbix xo3HHHHbiM. 

B ocHOBe BHyTpHKjieTOHHoro napa3HTH3Ma jie>KHT Hcnojib30BaHHe oahhm opra- 
hh3mom BHyTpHKjieTOHHoro h BHyTpeHHero npocTpaHCTBa Apyroro b KanecTBe 
epeAbI odHTaHHH, HCTOHHHKa riHLUH H nOCpeAHHKa CBOHX B3aHM00TH01LieHHH c 
BHeuiHefi cpeAOH. Bbidop b sboaiouhh TaKOH SKOAornnecKOH hhlhh npHBeji k c})opMH- 
poBaHHK) cneuH(})HqecKHX MexaHH3MOB, odecneqHBaiomHX napa3HTy cymecTBOBaHHe 
b tbkhx CBoeo6pa3Hbix ycjioBHHX, KaK BHyTpHKJieToqHan cpeAa. Bo3HHKHOBeHHe 
H CTaHOBJieHHe AaHHbIX MexaHH3MOB B npouecce AAHTeAbHOH 3BOAIOUHH H K03B0- 
jik)uhh c opraHH3MOM xo3HHHa npHHUHriHaJibHO moi^ho paccMaipHBaTb KaK nocjieA- 
ctbhh a^amauMH k BHyipHKJieToqHOMy napa3HTH3My. 

Uejib HacTonmeft CTaTbH — paccMOTpeTb sth MexaHH3Mbi, AeftcTByiomHe Ha 
MOJieKyjinpHOM ypoBHe, Ha npHMepe opraHH3auHH h (J)yHKUHOHHpoBaHHH 6hochh- 
Te3a nypHHOBbix h nnpHM hah hobux HyKAeoTHAOB y cnopoBHKOB (Protozoa, 
Sporozoa) — o6jiHraTHbix BHyTpHKAeTOHHbix napa3HTOB. 

Bbi6op AaHHoro pa3AeAa MeTa6oAH3Ma aah pemeHHH nocTaBAeHHofi 3aAaqn 
od^bHCHneTCH npe>KAe Bcero OTHocHTeAbHo xopoinefi ero H3yqeHHOCTbio KaK y 
CnopOBHKOB, TaK H CB 060 AH 0 >KHBy LLXHX OpraHH3MOB. 

IlypHHOBbie (ATP, dATP, GTP, dGTP) h nHpHMHAHHOBbie (UTP, dTTP, 
CTP, dCTP) HyKAeOTHAbI HBAHIOTCH OCHOBHbIMH KOMnOHeHTaMH HyKAeH HOBbIX 
KHCAOT. y CB060AH0>KHBymHX OpraHH3MOB 6HOCHHTe3 H nypHHOBbIX, H nHpHMHAHHO¬ 
BbIX HyKAeOTHAOB OCymeCTBAHeTCH AByMH He3aBHCHMbIMH nyTHMH: de novo — 
H3 HH3LHHX npeAUieCTBeHHHKOB HeHyKAeOTHAHOH npHpOAbl H Salvage — H3 TOTOBblX 

ocHOBaHHH h HyKAeo3HAOB, o6pa3yiomHXCH npn KaTadoAH3Me JX HK h PHK. 
IlyTb 6nocHHTe3a de novo b oObmHbix ycAOBHHX cymecTBOBa hhh opraHH3Ma hb- 
AHeTCH OCHOBHbIM, B TO BpeMH KaK Salvage Ah6o (J)yHKUHOHHpyeT C HH3KOH HHTeH- 
CHBHOCTbK), Ah6o He paOoTaeT. E>HOCHHTe3 H3 TOTOBblX OCHOBaHHH H HyKAe03HAOB 
CTaHOBHTCH OCHOBHbIM AHHJb npH OTCyTCTBHH nHTaTeJIbHbIX BemeCTB B OKpy>KaiOmeH 

cpeAe hah roAOAaHHH (Jones, 1980). 

y BblCLUHX MHOrOKAeTOMHblX 3TH nyTH H HX OCHOBHbie npoMe>KyToq H bie MeTa- 
OOAHTbl CTporO KOMnapTMeHTH3HpOBaHbI, a (J)epMeHTbI 0praHH30BaHbI B MyAbTH- 
(})epMeHTHbie kom nAeKCbi (KapaceB h AP-, 1989). H3 HHCAa napa3HTOB 6nocHHTe3 
nypHHOBbix h nnpHMHAHHOBbix HyKAeoTHAOB HandoAee noApodHo H3yqeH y MaAnpafl- 
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OpraHH3aUHH 6HOCHHTe3a nypHHOBbIX H nHpHMHAOHOBbIX HyKJieOTHAOB y cnopoBHKOB 

(Protozoa, Sporozoa) 


Biosynthesis of purine and pyrimidine nucleotides in Sporozoa 


Bha 

TlypHHOBbie 

riHpHMHAHHOBbie 


Hctomhhk 


de novo salvage 

de novo salvage 



Plasmodium falciparum 

— 

+ 

+ 

+ 

Reyes, 1982 

Plasmodium berghei 

— 

+ 

+ 

+ 

Hill e. a., 1979; O'Sullivan, 
Ketley, 1980 

Plasmodium vinkei 

— 

+ 

He 

H3yqeH0 

Sherman, 1979 

Plasmodium knowlesi 

— 

+ 

+ 

+ 

Sherman, 1979; Gutterid- 
ge, Trigg, 1970 

Plasmodium chabbaudi 

— 

+ 

+ 

+ 

Sherman, 1979 

Plasmodium lophurae 


+ 

+ 

+ 

Sherman, 1979; Yamada, 
Sherman, 1981; Hill e. a., 
1981 

Babesia maior 

— 

+ 

+ 

+ 

Irvin, Yung, 1979 

Babesia divergens 

— 

+ 

+ 

+ 

Tot >Ke 

Nicolia microti 

— 

+ 

+ 

+ 

» 

Nicolia rodhaini 

— 

+ 

+ 

+ 

» 

Theileria pare a 

— 

+ 

+ 

+ 

Irvin, Strugg, 1977 

Toxoplasma gondii 


+ 

+ 

+ 

Perrotto e. a., 1971; Pfef- 
ferkorn, Pfefferkorn, 
1977; Pfefferkorn, 
Schwartzman, 1981 

Eimeria tenella 


+ 

+ 

+ 

Ouellettee. a., 1973; Wang, 
1978; Wang, Simashke- 
vich, 1981 

Eimeria nieschulzi 

He H3y- 
neHo 

+ 

He 

H3yueH0 

Mayberry, Maquardt, 

1974 


flpHMeuHHe. MeTadojiHqecKHH nyTb: — OTcyTCTByeT; + 4)yHKU,HOHHpyeT. 


Hbix njia3MOAneB, kokuhahh h nHponjia3MHA. Odmne CBe/teHHH 06 ero opraHH3a- 
Uhh npeACTaBjieHbi b Tadjinue. Ochobh an oco6eHHocTb opraHH3au,HH 6H0CHHTe3a 
nypHHOBbIX HyKJieOTHAOB y CnopoBHKOB, C KOTOpOH CTOJIKHyjIHCb HCCJie- 
AOBaTejiH, — 3 to oTcyTCTBHe 4)yHKUHOHHpyiomero MeTadoJinnecKoro nyTH 6 ho- 
CHHTe3a de novo. Bee Heodxo/tHMbie nypnHOBbie HyKjieoTH/tbi cnopoBHKH chh- 
Te3HpyiOT H3 TOTOBblX OCHOBaHHH H HyKJie03HAOB, KOTOpbie o6pa3yiOTCH KaK B 
opraHH3Me napa3HTa, TaK h 3aHMCTByioTCH H3 opraHH3Ma xo3HHHa. BcTpeqaiomnecn 
OTAejibHbie CBeAeHHH o tom, hto MajinpHHHbie napa3HTbi MoryT CHHTe3npoBaTb 
nypnHOBbie OCHOBaHHH H3 HH3LUHX npe/unecTBeHHHKOB (Sherman, 1979) cjiejxyer 
paccMaipHBaTb c dojibuion ocTopo>KHocTbio, Tax KaK ohh noJiyqeHbi npn ncnojib- 
30BaHHH B 3KCnepHMeHTaX COnpH>KeHHOH CHCTeMbI «napa3HT — X03HHH», a BHOCH 
Mbie b epe/ty pa/tnoaKTHBHbie npe/unecTBeHHHKH nypHHOB motjih 6biTb npeBpameHbi 
B OCHOBaHHH H HyKJie03HAbI CHCTeM3MH KJieTKH X03HHHa H TOJlbKO nOTOM 6bIJIH 
norjiomeHbi napa3HTOM. Y MajmpHHHbix napa3HTOB, kokuhahh h nnponjia3MHA 
aKTHBHO (})yHKUHOHHpyeT nyTb 6nocnHTe3a nypnHOBbix HyKjieoTHAOB H3 roTOBbix 
OCHOBaHHH h HyKjieo3HAOB, KOTopbie napa3HTbi noJiynaioT H3 opraHH3Ma xo3HHHa. 
CjieAyeT oTMeTHTb, mto b stom MeTadojinnecKOM nyTH MoryT 6biTb ncnojib30BaHbi 
pa3JiHMHbie npe/unecTBeHHHKH. Tax, MajmpHHHbie napa3HTbi ( Plasmodium lophu- 
rae) npe/tnoMHTaioT aAeHHJioBbie HyKjieoBH/tbi h ochobhhhh (Yamada, Sherman, 
1981), b to BpeMH KaK kokuhahh Eimeria h Toxoplasma npeztnoHHTaioT ryaHH- 
jioBbie (Wang, Simachkevich, 1981). 

B OTJIHMHe OT nypHHOBbIX nnpHMHAHHOBbie HyKJieOTHAbI y CnopoBHKOB CHHTe- 
3HpyiOTCH KaK de novo, TaK H H3 TOTOBblX OCHOBaHHH H HyKJie03HAOB — MeTado- 
jinnecKHM nyTeM salvage (cm. Ta6jinuy). CymecTByiomne /taHHbie no3BOJimoT 
yTBep>KAaTb, hto 6hochhtc3 nnpHMHAHHOBbix HyKjieoTHAOB de novo /yin cnopo¬ 
BHKOB HBJineTCH OCHOBHbIM, a 6HOCHHTe3 H3 TOTOBblX OCHOBaHHH H HyKJie03HAOB 
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(j^yHKUHOHHpyeT c MeHbinen Harpy3K0H. Bo3HHKaeT Bonpoc, qeM o6ycjioBJieHbi 
3TH pa3JlHMHH B OpraHH3aUHH 6HOCHHTe3a nypHHOBbIX H nnpHMHAHHOBblX HyKJieO- 
thaob y cnopoBHKOB h b pe3yjibTaie qero ohh bo3hhkjih. Tot (})aKT, mo y cnopo- 
bhkob npoH3ouiJio ynpomeHHe 6nocHHTe3a nypnHOBbix HyKJieomAOB de novo no3- 
BOJineT npeAnoJio>KHTb cymecTBOBaHne MexaHH3Ma yipaTbi KaK oTAeJibHbix (})ep- 
MemoB, Tax h ueJibix (})epMeHTaTHBHbix CHdeM npn ycjioBHH, mo hx cy6cipaibi 
MoryT 6biTb noJiyneHbi H3 oKpy>KaiomeH cpeAbi, t. e. H3 opraHH3Ma xo3HHHa. 
Yipaia OTAeJibHbix (})epMeHTaTHBHbix chctcm h cj^epMeHTOB cj^eHOTHnHqecKH npo- 
HBJineTCH KaK ayKcoipoc})HocTb, a ee Bbipa>KeHH0CTb oipa>KaeT CTeneHb yipaTbi 
napa3HTaMH onpeAeJieHHbix 6noxHMHqecKnx (J)yHKUHH (Lwoff, 1943). 

OqeBHAHO, 6H0CHHTe3 nypnHOBbix HyKJieomAOB de novo 6biJi yipaqeH cnopo- 
BHKaMH, TaK KaK 3HepreTHqecKHe 3aipaTbi npn ncnoJib30BaHHH roTOBbix ocHOBaHHH 
h HyKJieo3HAOB cpaBHHTejibHo HH>Ke. CjieAyeT oTMeTHTb, qio aHajiornqHbie npoueccbi 
yipaTbi OTAeJibHbix 4)epMemoB 3aTpoHyjin h 6nocHHTe3 nypHHOBbix HyKJieomAOB 
salvage. TaK, y MaJinpnHHbix napa3HTOB oTcyTCTByioT 5’-AMO Ae3aMHHa3a, 
5’-HMO HyKJieoTHAaaa h KcarnnH 0KCHAa3a (Sherman, 1979), y kokuhahh ajxemm 
4)oc(})opH6o3HJiTpaHC(})epa3a (Wang, Simachkevich, 1981). 

Bo3HHKaeT Bonpoc, noqeMy yipaTbi 3aipoHyjiH TOJibKo 6HOCHme3 nypnHOBbix 
HyKJieoTHAOB de novo. Mo>kho npeAnoJio>KHTb, mo 6nocnHTe3 nnpHMHAHHOBbix 
HyKJieoTHAOB coxpaHneTcn y cnopoBHKOB 6jiaroAapn CBoen B3anM0CBH3H c okh- 
cjimejibHbiM (J)occJ)opHJiHpoBaHHeM, t. e. npoueccoM Bbipa6oTKH SHeprnn. CnpaBeA- 
JiHBocTb AaHHoro npezinojio>KeHHn noATBep>KAaeTCfl TeM (|)aKTOM, mo y HeKOTopbix 
bhaob napa3HTnqecKHX >KryTHKOHocueB, rpynnbi opraHH3MOB y KOTopbix 6nocnHTe3 
nnpnMHAHHOBbix HyKJieoTHAOB de novo He CBH3aH c npoueccaMH Bbipa6oTKH 
3Heprnn (Gutteridge e. a., 1979), nponcxoAHT yipaia stoto MeTa6ojinqecKoro 
nym. OTcyTCTBne HeKOTopbix 4)epMeHTOB 6nocnHTe3a salvage y cnopoBHKOB 
He npnBOAHT k o6pbiBy Been cj^epMeHTamBHon uenoqKH, mo cnoco6cTByeT cneun- 
ajiH3auHH MeTa6oJinqecKoro nym no omeJibHbiM cy6cTpaiaM. Mo>kho npeAnoJio- 
>KHTb, mo 3th yipaTbi, BepomHo, no3BOJiHioT napa3HTy 6ojiee noJiHo ncnojib30BaTb 
B03M0>KH0CTH 3aBOCBaHHOH 3KOJIOmqeCKOH HHI1IH. 

Bo3HHKaeT Bonpoc o tom, npnBOAHT jih 3th yipaTbi k ynpomeHmo cncieMbi b 
ueJiOM hjih oho TOJibKo Ka>Kymeecn. 06Hapy>KeHHe y Plasmodium lophurae 
4)epMeHTaTHBHOH CHCTeMbI, COnpn>KeHHOH C 6HOCHHTe30M nypHHOBbix HyKJieOTHAOB H 
cnoco6cTByioiii > eH BKJiioqeHHio aAeHHJioBbix HyKJieomAOB xo3HHHa b MeTa6oJiH3M 
napa3HTa (Yamada, Sherman, 1981), no3BOJineT yTBep>KAaTb, mo ynpomeHHe 
opraHH3auHH MeTa6oJinqecKnx cncieM — Ka>Kymeecn. Yipaia HeKOTopbix (})epMeH- 
TaTHBHblX CHCTeM HJIH OTAeJIbHbIX (J)ep MeHTOB COnpOBO>KAaeTCH B03HHKH0BeHHeM 
HOBbix HHTerpnpyioiUHX chctcm napa3HTa h xo3HHHa. ITpHHUHnHajibHo TaKHe 
SBOJIIOUHOHHbie npH 06 peTeHHH AO JI >KHbl npHBOAHTb H K (f)OpMHpOBaHHIO 3(})(})eKTHB- 
Hbix cnoco6oB opraHH3auHH (JiepMeHTaTHBHbix chctcm h cnocodoB hx peryjmuHH. 
AHaJiH3 oco6eHHocTen opraHH3auHH 6nocHHTe3a nnpnM hah HOBbix HyKJieomAOB 
de novo y cnopoBHKOB h napa3HmqecKHX >KrymKOHocueB noKa3biBaeT, mo y 
o6jiHraTHbix BHyipnKJieToqHbix napa3HTOB oh Bbime. Tax, yciaHOBJieHo, mo y 
cnopoBHKOB opraHH3auHH (J)epMeHTOB 6nocHHTe3a nnpnM hah HOBbix HyKJieoTHAOB 
de novo npaKTHqecKH He otji nqaeTcn ot TaKOBon y hx xo3neB, t. e. nepBbie Tpn 
(})epMeHTa Kap6aM0HJi(})0C(})aTCHHTeTa3a II, acnapiaT-TpaHCKap6aMOHJia3a h 
AHTHApoopoia3a o6pa3yiOT cj)epMeHTaTHBHbiH kom njieKC I, AnrHApoopoiaT-AerHApo- 
reHa3a Ji0KajiH30BaHa b mhtoxohaphhx h conpn>KeHa c OKHCJiHTejibHbiM (})oc(})opH- 
JinpoBaHHeM, opoiaT-(})oc4)opH6o3HJiTpaHC(j3epa3a h opoTHAHJiai-AeKap6oKCHJia3a 
o6pa3yiOT (J)epMeHTaTHBHbiH KOMnjieKC II, a peryjiHunn ocymecTBJineTcn no Mexa- 
HH3My o6paTHOH cbh3h no nepBon peaKUHH KOHeqHbiM npoAyKTOM (Hill e. a., 1981). 
Ciporan KOMnapTMemH3auHH npoMe>KyToqHbix cy6cipaTOB b tbkhx (JmpMema- 
THBHbix KOMnjieKcax no3BOJineT H36e>KaTb 3HepremqecKHX 3aTpaT Ha co3AaHne 
hx nyjia b uHTonjia3Me kjictkh. 

Taxon cnoco6 opraHH3auHH h peryjmuHH cymecTBeHHo ouinnaeTcn ot TaKOBoro 
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y napa3HTHqecKHx >KryTHKOHocueB (kphthahh, TpnnaHocoM, TpnxoMOHau), y 
KOTOpbIX (J)epMeHTbI pa3o6meHbI H He CBH3aHbI C OKHCJIHTeJIbHbIM (})OC(})OpHJlHpO- 

BaHHeM (Kidder e. a., 1976; Hill e. a., 1981; Hammond e. a., 1984). 

AHaJiH3 BbiuieH3Jio>KeHHoro Maiepnajia npnBOAHT k Bonpocy o tom, HacKOJibKo 
cneu,H(})HqHbi 3th npoueccbi jxjia napa3HTH3Ma h aj ih 3Huonapa3HTH3Ma, b qacTHocTH. 

CjieAyeT npH3HaTb, mo npoueccbi yTpaTbi onpeuejieHHbix cJ)epMeHTOB hjih 
CHCT eM npoHexoAHT h y CBo6oAHO>KHBymHx opraHH3MOB. B npouecce sbojiiouhh 
HM eeT MecTO ycjio>KHeHHe CHCTeM, cnoco6oB hx peryjinuHH, oTMenaeTcn TeHueHunn 
K KOMnapTMeHTH3aUHH KaK Cy6CTpaTOB, TaK H 4)epMeHTaTHBHbIX CHCTeM. nO-BHAH- 
MOMy, AaHHbie npoueccbi He hbjihiotch cneuncJ)H4HbiMH ajih napa3HTH3Ma h OTpa- 
>KaiOT o6myio TeHAeHUHio 3BOJiiouHOHHbix H3MeHeHHH, nponcxoAHiunx npn 3aBoeBa- 
hhh 3KOJiornqecKHx hhhi c B03pacTaiomHM couep>KaHHeM nnTaTeJibHbix BeiuecTB: 

Mo>kho yTBep>KAaTb, hto y synapnrnqecKHX BHyTpnKJieTOHHbix napa3HTOB npn 
auanTauHH k ycjiOBHHM cpe/tbi o6HTaHHH b npouecce sbojiiouhh h koobojiiouhh 
nponcxoAHT noBbiineHHe ypoBHH opraHH3auHH MOJieKyjmpHbix CHCTeM, corjiacoBaHne 
HX C CHCTeMaMH KJieTKH X03HHHa. n P H 3tom CHCTeMbi napa3HTa npno6peTaiOT nepTbi 
cJ)epMeHTaTHBHbix h MeTa6ojiH4ecKHx CHCTeM dojiee BbicoKoopraHH30BaHHoro 
X03HHHa. 

TaKHM o6pa30M, MOJieKyjmpHbiMH nocjieucTBHHMH auanTauHH k BHyTpHKjie- 
TOHHOMy napa3HTH3My y OAHOKJieTOHHbIX 3yKapH0T HBJ1HIOTCH noBbiineHHe ypOBHH 
MOJieKyjinpHOH opraHH3auHH, yTpaTa onpeueJieHHbix MeTa6ojiH4ecKHx nyTeft h 
OTA eJIbHbIX (|)epMeHTOB, B03HHKH0BeHHe HOBOH MeTa60JlH4eCK0H CHCTeMbi — napa- 
3HT0-X03HHHH0H. 
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SUMMARY 

Analysis of peculiarities in organization and functioning of metabolic ways of biosinthesis of 
purine and pyrimidine nucleotides in representatives of Sporozoa type has shown that molecular 
aftereffects of adaptation to intracellular parasitism in unicellular eucaryots consists in the increase 
in the level of molecular organization, loss of some metabolic path ways and some enzymes, origin 
of a new metabolic system, a host-parasite one. Functioning of this system is achieved due to 
developing by the parasite mechanisms that are similar to the host’s ones. 



